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A.  Will you require JoVE to record video microscopy, such as filming a complex dissection or microinjection technique? (Y/N) No*  (If you can record images/videos using your own camera/software, then mark No)   

*We will supply previously acquired images, to use in place of those that would be captured by microscopy. These can be spliced into the final video.

B.   Does your protocol include detailed, step-by-step, descriptions of software usage? (Y/N) No

If yes, we will need you to record using screen recording software to capture the steps. If you use a Mac, QuickTime X also has the ability to record the steps.

C.  Which steps of your protocol will viewers benefit most from having filmed? Please list 4-6 steps by their protocol numbers. Please do not list entire sections of the protocol. If your protocol contains highlighting, make sure these steps are highlighted. 

2.1-2.5 and 3.1-3.11
D.  What is the single most difficult aspect of this procedure and what do you do to ensure success?  Please list 1-2 individual steps to be filmed by their protocol numbers. (Please do not list an entire section.)

Passaging cells on days 7 and 10 of the protocol (steps 9 and 12)

3.5-3.9
E.  Will the filming need to take place in multiple locations? (Y/N) Yes*
 If yes, how far apart are the locations? 

*Two rooms are located in the same hallway. Second location is optional, since it is solely to demonstrate image acquisition of the neuronal cultures. All other steps take place in a tissue culture room.

1. Introduction (Experimental Goal and Author Interviews) – As the beginning of your video, the introduction should clearly present the goal of your method to the viewer and its significance.  Other information can be provided according to the various statements below, but the total introduction should not exceed 150 words. 

A. Experimental Goal (read by voice talent at JoVE):

The overall goal of this protocol is to provide neurobiologists and neurovirologists with an easy, reproducible method to generate differentiated human neurons for the use in subsequent in vitro assays. (Intro)
B.  Required Interview Statements: (Said by you on camera. Don’t forget to smile!)  
1.1. Moriah Szpara: This method can help answer key questions in the infectious disease research, such as determining the neuronal responses to infection or drug treatment. It can also be used to assess proteomic or genomic changes associated with specific experimental conditions. 

1.2. Colleen Mangold: The main advantage of this technique is that it provides an easy to follow protocol that reproducibly yields homogenous cultures of fully differentiated human neurons.   

C.  Optional Interview Statements: (Said by you on camera. Don’t forget to smile!)  

1.3. Colleen Mangold: Generally, individuals new to this method will struggle because of the sensitivity of these cells to disruptions such as trypsinization, trituration, or exposure to suboptimal environmental conditions.

Protocol (read by voice talent at JoVE):

2. Passage of SH-SY5Y maintenance cultures

2.1. To begin this procedure, allow the media to warm and equilibrate in the incubator in order to establish a proper pH balance before use [2.1.1-MED-TXT].  Then, split the cultures at the maintenance phase when the cells reach 70-80% confluency [2.1.2-LM-TXT].
2.1.1. Talent places the media in the incubator, Text: Refer to the accompanying manuscript for details
2.1.2. To be submitted by authors (an image of a confluent flask of undifferentiated SH-SY5Y cells) 2.1 – 2_Szpara_FilmingFigure1.tif, 
Text: Passage cells every 3-5 days; do not exceed 10-15 passages

2.2. To passage the cells from a T-75 flask, aspirate off the media [2.2.1-MED-over the shoulder].  Then, rinse the flask with 10 mL of 1X PBS [2.2.2-CU].  Next, aspirate PBS [2.2.3-CU] and add 2.5 mL of 0.05% (1X) Trypsin-EDTA [2.2.4-CU].  
2.2.1. *Film as written
2.2.2. *Film as written
2.2.3. *Film as written
2.2.4. *Film as written
2.3. After that, incubate the cells for 2-3 minutes [2.3.1-MED].  Then tip the flask gently to release the cells from the surface [2.3.2-CU].  Subsequently, add 10 mL of Basic Growth Media and triturate the cells 1-2 times [2.3.3-CU] and [2.3.4-CU-TXT]. 

2.3.1. Talent places the cells in the incubator

2.3.2. *Film as written
2.3.3. *Film as written
2.3.4. CU the cells as they are triturated 1-2 times, Text: See Table 2 in the accompanying manuscript for Basic Growth Media’s composition (Same as 2.3.3 but using a different angle).
2.4. Next, spin down the cells for 2 minutes at 1,000 x g [2.4.1-MED-over the shoulder].  Afterward, aspirate the media [2.4.2-CU].  Resuspend the pellet in 5 mL of Basic Growth Media [2.4.3-CU].  
2.4.1. Talent places the cells in the centrifuge
2.4.2. *Film as written
2.4.3. *Film as written
2.5. For normal plating in the T-75 flask, dilute the cells to a total volume of 20 mL [2.5.1-MED-over the shoulder], or count and plate the cells for differentiation [2.5.2-MED].

2.5.1. Talent diluting the cells 
2.5.2. [combined with 2.5.1] Talent plating the cells
3. Differentiation procedures

3.1. Here is the schedule for differentiation [3.1.1-LM].  On Day 0, count the cells using a hemocytometer [3.1.2-MED].  Then, dilute the cell suspension to 50,000 cells/mL using Basic Growth Media [3.1.3-CU]. 
3.1.1. Figure_1_without MaxGel v2.pdf
3.1.2. Talent places the cells in the hemocytometer (3.1.2 Shot 1) and observes under a microscope (3.1.2 Shot 2).

3.1.3. *Film as written
3.2. Plate 2 mL of cells per 35 mm dish for a total of 100,000 cells per dish [3.2.1-CU].  Subsequently, place the cells in the incubator at 37°C [3.2.2-MED].
3.2.1. CU the dishes as cells are plated
3.2.2. *Film as written
3.3. On Day 1, add RA to the warmed and equilibrated media [3.3.1-MED-over the shoulder-TXT].  [3.3.2-CU].  Gently aspirate the old media and discard [3.3.3-CU].  Next, add 2 mL of Differentiation Media #1 with RA to each 35mm dish and return to the incubator [3.3.4-CU-TXT].  Two takes (RA vs Retinoic Acid)

3.3.1. *Film as written, Text: RA: Retinoic Acid
3.3.2. *Film as written
3.3.3. *Film as written
3.3.4. CU the dish as 2 mL of Differentiation Media #1 with RA is added, Text: See Table 2 in the accompanying manuscript for Differentiation Media #1’s compositions

3.4. On Day 7, gently aspirate the old media and discard [3.4.1-MED].  Add 200 μL of warmed Trypsin-EDTA to each 35 mm dish [3.4.2-MED-TXT].  Then, place the cells in the incubator for 2-3 minutes or until they are visibly lifted from the plate as observed under a microscope [3.4.3-LM].
3.4.1. *Film as written
3.4.2. *Film as written, Text: 0.05% (1X) Trypsin-EDTA
3.4.3. To be submitted by authors (an image of the cells lifted from the plate) 3.4.3_Szpara_FilmingFigure2.tif – Day 7 SH-SY5Y cells in trypsin 
3.5. Quench the trypsin by adding 2 mL of Differentiation Media #1 with RA to each 35 mm dish [3.5.1-MED-over the shoulder] and use the media to rinse the remaining neuronal cells off the plate [3.5.2-CU].  Then, transfer the full volume to a 50 mL conical tube [3.5.3-CU]. Two takes (RA vs Retinoic Acid)


3.5.1. *Film as written
3.5.2. *Film as written
3.5.3. [combined with 3.5.2] *Film as written 
3.6. [3.6.1-MED-over the shoulder] Gently triturate up and down slowly with a 10-mL plastic pipet no more than five times [3.6.2-CU].  After that, aliquot 2 mL of the cell suspension into the fresh 35 mm dishes before returning them to the incubator [3.6.3- MED-over the shoulder]. 
3.6.1. Talent combines the contents from a few dishes in the 50 mL conical tube

3.6.2. *Film as written
3.6.3. Talent aliquots 2 mL of cell suspension into the fresh 35 mm dishes
3.7. On Day 10, gently aspirate off the media and discard [3.7.1-MED].  Add 200 μL of warmed trypsin to each 35 mm dish [3.7.2-MED] and incubate at room temperature for approximately 1-2 minutes or until the neurons are visibly lifted from the dish as observed under a microscope [3.7.3-LM]. 
3.7.1. *Film as written
3.7.2. *Film as written
3.7.3. To be submitted by authors (an image of the cells lifted from the plate) 3.4.3_Szpara_FilmingFigure3.tif – Day 10 SH-SY5Y cells in trypsin
3.8. Mackenzie Shipley: Day 10 is particularly difficult because of the sensitivity of the cells at this stage of differentiation. It is imperative to minimize the time in trypsin to approximately 1 minute at room temperature and then put the cells immediately back into the incubator [3.8.1-MED].
3.8.1. Interview style

3.9. Then, quench the trypsin by adding 2 mL of Differentiation Media #2 to each 35mm dish [3.9.1-MED-over the shoulder-TXT] and use the media to rinse the remaining neuronal cells off the plate [3.9.2-CU].  Afterward, transfer the contents to a 50mL conical tube [3.9.3-CU].
3.9.1. *Film as written, Text: See Table 2 in the accompanying manuscript for Differentiation Media #2’s compositions
3.9.2. *Film as written
3.9.3. [combined with 3.9.2] *Film as written 
3.10. Gently triturate up and down slowly with a 10-mL plastic pipet no more than five times [3.10.1-MED-over the shoulder].  Dispense 2 mL of cell suspension into ECM-coated 35mm dishes before returning them to the incubator at 37°C [3.10.2-MED-TXT].
3.10.1. Talent triturates the contents up and down slowly
3.10.2. Talent dispenses 2 mL of cell suspension into ECM-coated 35mm dishes, Text: ECM: extracellular matrix
3.11. On Day 11, gently aspirate off the old media and discard [3.11.1-MED].  Slowly add 2 mL of Differentiation Media #3 with RA to each 35mm dish before returning them to the incubator [3.11.2-MED-TXT].  On Day 18, change the media to fresh Differentiation Media #3 with RA once every 3 days to maintain neuron health [3.11.3-MED]. Two takes (RA vs Retinoic Acid)


3.11.1. *Film as written
3.11.2. Talent adds 2 mL of Differentiation Media #3 with RA to each 35mm dish, Text: See Table 2 in the accompanying manuscript for Differentiation Media #3’s compositions
3.11.3. Talent changing media
4. Results: Images of cells in the intermediate steps of the differentiation protocol 
4.1. After seven days of differentiation, there is an increase in the number of processes on the neuronal-like cells, and there are fewer epithelial-like cells present [4.1.1-LM].
4.1.1. LAB MEDIA: 4_Szpara_FilmingFigure4.tif

4.2. Following the first passage, the neuronal cell bodies clump together and their processes appear shorter, highlighting the stress that the cells encounter during trypsinization and re-plating [4.2.1-LM].
4.2.1. LAB MEDIA: 5_Szpara_FilmingFigure5.tif


4.3. Prior to plating onto the ECM-coated plates on Day 10, longer processes are evident on the differentiating neurons [4.3.1-LM].

4.3.1. LAB MEDIA: 6_Szpara_FilmingFigure6.tif

4.4. On Day 11, following the final passage, the neurons are visibly stressed.  This can result in an apparent decrease in the total number of cells, and clumping of the remaining cell bodies. However, the cells will recover over the next 7 days [4.4.1-LM].     

4.4.1. LAB MEDIA: 7_Szpara_FilmingFigure7.tif

4.5. On Day 18, the cells are terminally differentiated into neurons that have healthy, elongated projections [4.5.1-LM].

4.5.1. LAB MEDIA: 8_Szpara_FilmingFigure8.tif
5. Conclusion (said by authors on camera)

5.1. Mackenzie Shipley: While attempting this procedure, it’s important to remember to limit the amount of time that cells are in trypsin or are exposed to the air. It is also important to ensure that all reagents are always prepared fresh.

5.2. Mackenzie Shipley: Following this procedure, other methods such as infection with a pathogenic agent can be performed to assess subsequent changes in morphology, transcript levels, or protein expression.

Provided Media

Authors, Please list all images, movie files, or 3-D rendered animations that can be included in the video per editor’s request.  The step in the script/video where these images will be inserted should be specified.   For example:

6.2 –  0123_PIname_Figure1.tif -  dual color imaging of tumor angiogenesis at 40X 

6.2 –  0123_PIname_Figure2.tif -  dual color imaging of tumor angiogenesis at 100X

Formats:  For static images we prefer .tiff, .eps, Illustrator, Powerpoint or Photoshop files at dimensions of at least 720X480 pixels and 300 dpi.  The higher resolution, the better.  Likewise any exported movie files should have at minimum these dimensions and be rendered to .mov, .mp4, or .avi files.  

File Name: 2.1 – 2_Szpara_FilmingFigure1.tif – confluent undifferentiated SH-SY5Y cells

File Name: 3.4 – 3_Szpara_FilmingFigure2.tif – Day 7 SH-SY5Y cells in trypsin

File Name: 3.7 – 3_Szpara_FilmingFigure3.tif – Day 10 SH-SY5Y cells in trypsin

General Preparation

It’s critical for a smooth and organized shoot that all reagents are accounted for, in advance.   

Any overnight or long incubation steps should be recognized and specimens/samples be prepared in advance so that prior steps can be recorded and shooting can continue with pre-prepared specimens/samples.  

All tubes/flasks should be pre-labeled neatly before we arrive.  

Ex. Luciferase assay done in 96 well plates should be labeled with negative/positive control wells and experimental samples are labeled accordingly.

You will receive more detailed preparation instructions are included in the email accompanying the finalized script.
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